associated with lower PAT risk. Acknowledgment of both positive and negative self-conscious emotion may reduce transmission risk behavior among people with HIV.
Introduction
There are approximately 50,000 new HIV cases per year in the United States and these new cases occur disproportionately among men who have sex with men (MSM), African American, and young people [1] . Sexual risk behavior with a detectable HIV viral load has been referred to as potentially amplified transmission (PAT) because of increases in onward HIV transmission rates [2] . Recent HIV diagnosis, depression, and substance use are associated with amplified transmission risk [2] .
Research suggests inconsistent relationships between negative emotion and transmission risk behaviors among people living with HIV [3] , which may be more complex for MSM [4, 5] . The inconsistent findings may be due to the variability across negative emotions, which are often operationalized as symptoms of depression or anxiety. Some studies indicate that negative emotion, operationalized as anxious emotion, is associated with increased HIV-related risk taking [6] [7] [8] . Others suggest that self-reported negative emotion may be associated with risk avoidance, such as in a lab-based gambling task (e.g., [9] ) or condom use to avoid HIV acquisition [8, 10, 11] . However, the negative emotions included across studies vary ranging from asking specifically about depression or anxiety to including a list of specific negative emotions such as tension, anger, fatigue, and confusion, fear, and disgust [8, 10] .
Abstract While negative emotions are associated with risk behaviors and risk avoidance among people with HIV, emerging evidence indicates that negative self-conscious emotions, those evoked by self-reflection or self-evaluation (e.g., shame, guilt, and embarrassment), may differentially influence health-risk behaviors by producing avoidance or, conversely, pro-social behaviors. Positive emotions are associated with beneficial health behaviors, and may account for inconsistent findings related to negative self-conscious emotions. Using multinomial logistic regression, we tested whether positive emotion moderated the relationships between negative emotion and negative self-conscious emotions and level of condomless sex risk: (1) seroconcordant; (2) serodiscordant with undetectable viral load; and (3) serodiscordant with detectable viral load [potentially amplified transmission (PAT)] among people recently diagnosed with HIV (n = 276). While positive emotion did not moderate the relationship between negative emotion and condomless sex, it did moderate the relationship between negative self-conscious emotion and PAT (AOR = 0.60; 95% CI 0.41, 0.87); high negative self-conscious and high positive emotion were Negative self-conscious emotions, including shame, guilt, and embarrassment differ from other negative emotions in that they are elicited by self-evaluation and self-reflection [12] . Self-conscious emotions may be considered the affective correlates of internalized stigma; despite their frequent association, internalized stigma and self-conscious emotions are distinct concepts [13] . The experience of internalized stigma involves the cognitive adoption of others' stigmatizing opinions, whereas negative self-conscious emotions involve the affective experience of self-evaluation (e.g., feeling worthless) and are frequently accompanied by a desire to hide, avoid, repair, or change [14] . Negative self-conscious emotions have been associated with both recurring maladaptive behavior, including avoidance coping and substance use, and, conversely, a desire to improve the self or engage in prosocial behavior [15] [16] [17] . Shame specifically has been associated with depressive symptoms, less healthcare utilization, and poorer physical health among people living with HIV [13] . Among young MSM, negative self-conscious emotions related to sexual desire have been associated with unprotected anal intercourse [18] . Additionally, Christensen et al. have identified that higher levels of shame predicted unprotected anal intercourse among young MSM [19] . However, little work has explored the varying ways negative selfconscious emotion may impact behavior (i.e., maladaptive versus prosocial) including the potential interaction between negative self-conscious emotions and positive emotions.
Evidence indicates that not only can positive and negative emotions co-occur [20] [21] [22] (e.g., in bittersweet situations), but that they may be interrelated. Specifically, the Revised Stress and Coping Theory as well as the Broaden and Build Theory of Positive Emotions indicate that positive and negative emotions may work together to influence individuals' behavior. Specifically, positive emotions following, or within the context of, negative emotions are thought to facilitate approach behavior [23] [24] [25] [26] , including engaging in one's environment and partaking in activities (e.g., joy, interest, love, and contentment) and may have unique, adaptive benefits for reducing stress reactivity [27] . The Broaden and Build Theory of Positive Emotions posits that positive emotions have the capacity to broaden individual's attentional focus, mental flexibility, problem solving, as well as physical, intellectual, and social resources [28, 29] . Consistent with these theories, positive emotion has been associated with lower levels of sexual risk among MSM [6] .
Investigating the specific role of positive emotion in the context of negative self-conscious emotion may help clarify the conflicting relationships identified between negative emotion and transmission risk behavior. Specifically, we hypothesize that the inconsistent findings related to negative emotion, and negative self-conscious emotions in particular, may be related to the presence or absence of positive emotion. Based on the aforementioned theoretical frameworks, we hypothesize that the presence of positive emotion may enable the prosocial effects of negative self-conscious emotions rather than the avoidance-oriented maladaptive effects.
Investigating whether positive emotion moderates the relationships between negative and negative self-conscious emotion in relation to condomless sex may clarify the psychological mechanisms of action contributing to HIV transmission risk [30] . Based on Ego Depletion Theory, we might expect that the presence of higher levels of positive emotion enables the acceptance of negative self-conscious emotion and thereby facilitates its potential benefits. Specifically, it is likely that minimizing or effortfully avoiding naturally occurring negative self-conscious emotion is taxing and that positive emotion can help buffer the costs of this psychological effort [31] . Consistent with Broaden and Build Theory, positive emotion may enhance cognitive resources that can then be directed toward accepting or minimizing negative self-conscious emotion as well as focusing on decisions about reducing transmission risk behavior [31, 32] .
In this paper we investigated whether positive emotions moderate the relationships between negative and negative self-conscious emotions in relation to transmission risk behaviors among individuals recently diagnosed with HIV, a period critical to the success of the "test and treat" strategy to reduce HIV transmission [33] . In light of the literature on the association between negative emotion and transmission risk behavior, we hypothesized that higher positive emotion and lower negative emotion would be associated with lower odds of sexual risk taking behavior, particularly PAT risk behavior. Informed by the Revised Stress and Coping Theory, as well as Baumeister's Ego Depletion Theory and Fredrickson's Broaden and Build Theory, we also hypothesized that higher positive emotion would buffer against the deleterious association of negative emotion with sexual risk-taking behaviors [27, 31, 32] . Finally, as negative self-conscious emotions have identified paradoxical effects, including a desire to avoid or withdraw as well as a desire to engage in prosocial behavior, we hypothesized that the presence of high negative self-conscious emotions coupled with high positive emotion would be associated with lower transmission risk behavior, consistent with the Revised Stress and Coping Theory and the Broaden and Build Theory [27, 32] . Specifically, we hypothesized that the presence of high levels of positive emotion would enable the benefits of acknowledged negative self-conscious emotions (e.g., prosocial behavior) and, therefore, be associated with lower transmission risk behavior.
Methods
We used data from two studies that enrolled people diagnosed with HIV within 2-3 months of receiving an HIV diagnosis from 2004 to 2009 living in the U.S. (an observational study; [34] [35] [36] and baseline data from a clinical trial [37] ) for a combined sample of 307. All participants were asked about emotion over the past week, and sex and substance use since HIV diagnosis. Both studies included mostly MSM and had similar inclusion and exclusion criteria. Exclusion criteria for both included active psychosis and unmedicated bipolar disorder. The University of California, San Francisco Committee on Human Research approved all procedures. Signed informed consent was obtained from all participants.
We defined HIV-related transmission risk behavior as self-reported condomless anal (insertive or receptive) or vaginal sex since HIV diagnosis categorized as (a) no reported condomless sex (reference group), (b) condomless sex with only HIV+ individuals (serosorting), (c) condomless sex with HIV− individuals with undetectable viral load (low transmission risk), and (d) condomless sex with detectable viral load, a marker of the progression of HIV, with HIV− individuals, conceptualized as potentially amplified transmission (PAT) risk behavior [2] . Viral load was determined by blood draw and dichotomized at ≥ 500 versus < 500 copies/mL in order to include all data points given a change in viral load testing sensitivity over the course of data collection. When viral load data were not available, participants were conservatively categorized as Group C if they were prescribed antiretroviral therapy (ART; as participants would have been on ART for ≤ 3 months) and Group D if not.
Emotion was defined as subjective positive and negative valenced feelings. We measured emotion using Fredrickson's revised Differential Emotions Scale (DES; [38] ). Participants rated how frequently they experienced specific emotions in the past week on a five-point scale. We excluded the three negative self-conscious emotion states (shame, guilt, and embarrassment), taken from the negative emotion scale, resulting in a revised negative emotion scale including anger, disgust, contempt, fear, and sadness (Cronbach's α = .82). We created a negative self-conscious emotion scale that included shame, guilt, and embarrassment (α = .77). The positive emotion scale included gratitude, interest, love, amusement, joy, hope, desire, pride, contentment, and awe (α = .90). Participants self-reported age, race, and sexual orientation. We calculated time since diagnosis from medically confirmed date of HIV diagnosis.
We included stimulant use in our models, as stimulant use has been associated with poorer emotion regulation as well as PAT behaviors [2, 39] and found to be differentially associated with mood and sexual behavior among MSM [8] . Stimulant use was operationalized as self-reported use of any powder cocaine, crack, and methamphetamine since diagnosis.
Multinomial logistic regression was used to investigate main effects of negative, negative self-conscious, and positive emotion and test whether positive emotion moderated the relationships between negative and negative self-conscious emotions in relation to an ordinal representation of transmission sex risk since diagnosis, controlling for age, study (cohort versus baseline clinical trial), race, and HIVrisk group (non-MSM vs. MSM, inclusive of men who selfidentified as gay, bisexual, or endorsed any anal sex with another man). Emotion measures were mean-centered to reduce the influence of multicollinearity. As a sensitivity analysis, we re-ran models replacing study with time since diagnosis. We conducted mediated moderation analyses to investigate whether stimulant use accounted for the relationships between emotion and transmission risk behavior. We used SAS software (Version 9.3, 2011) PROC MIXED to conduct the multinomial logistic regression models. Notably, we did not make adjustments for multiple statistical tests as we did not interpret the results of the multinomial logistic regressions in isolation, but rather as part of a pattern related to the ordinal outcome variable.
Results
The final analyses included 276 of the 307 participants due to missing data (see Table 1 ). Of the 276, 45% (n = 125) were from the observational study. Over 90% were male (n = 252), 73% identified as gay (n = 201), and 10% as bisexual (n = 28). Forty-six percent identified as White (n = 126), 22% as Black (n = 60), and 18% as Hispanic (n = 49). One quarter reported ≤ high school education (n = 68), and 56% (n = 149) reported ≤ $30,000 annual income. Mean days since HIV diagnosis was 54 (SD = 26). Thirty-seven percent (n = 101) reported stimulant use since diagnosis. As described above, all models controlled for age, study (cohort versus baseline clinical trial), race, and HIVrisk group (non-MSM vs. MSM).
In the first set of multinomial logistic regressions we found main effects of negative and positive emotion on odds of seroconcordant-unprotected sex compared to no unprotected sex since diagnosis (see Table 2 ). Specifically, a oneunit increase from the mean in negative emotion was associated with 48% lower odds of seroconcordant-unprotected sex, compared to no unprotected sex (AOR = 0.48; 95% CI 0.31, 0.75). A one-unit increase in positive emotion was associated with 53% lower odds of seroconcordant-unprotected sex, compared to no unprotected sex (AOR = 0.53; 95% CI 0.35, 0.81). The interaction between negative and positive emotions was not significant in relation to engagement in serodiscordant-unprotected sex (AOR for PAT sex compared to no unprotected sex = 0.82; 95% CI 0.54, 1.26).
In a parallel set of models we investigated whether positive emotions interacted with negative self-conscious emotions in relation to transmission risk behaviors. We saw similar main effects: higher levels of negative selfconscious (AOR = 0.67; 95% CI: 0.49, 0.90) and positive (AOR = 0.65; 95% CI 0.45, 0.93) emotions were associated with lower odds of seroconcordant-unprotected sex, compared to no unprotected sex since diagnosis.
Most notably, we found a significant interaction between positive emotions and negative self-conscious emotions in relation to PAT risk behavior compared to no unprotected sex (AOR = 0.60; 95% CI 0.41, 0.87; Table 2 ). To interpret this relationship, we used Aiken and West's methodology of calculating the probability of ± 1SD of negative selfconscious and positive emotions [40] . Participants who endorsed both higher negative self-conscious and positive emotions had significantly less likelihood of PAT sex compared to no unprotected sex. Those who endorsed both high positive and low negative self-conscious emotions had the highest probability of PAT sex. Negative self-conscious emotion was not related to probability of PAT sex if positive emotion was low.
Specifically, the probabilities of PAT sex compared to no unprotected sex for a White MSM participant of average age (36 years old) enrolled in the clinical trial are as follows (see Fig. 1 ): 1SD below the negative self-conscious and positive emotions means had a 0.23 probability of PAT sex, 1SD below the negative self-conscious emotion mean and 1SD above the positive emotion mean had a 0.33 probability, 1SD above the negative self-conscious emotion mean and 1SD Table 2 Multinomial logistic regression models All models controlled for age, race/ethnicity, study (clinical trial versus cohort study), and HIV-risk group (non-MSM versus MSM) a DES NE without negative self-conscious emotions b < 500 copies/mL c Viral load ≥ 500 copies/mL d When viral load data were not available, participants were categorized as Group C if they were prescribed ART and Group D if not Set of models examining interaction between DES negative emotion (NE) and DES positive emotion (PE) in relation to categorical transmission risk behavior since HIV diagnosis Set of models examining interaction between DES negative self-conscious emotion (NSE) and DES positive emotion (PE) in relation to categorical transmission risk behavior since HIV diagnosis below the positive emotion mean had a 0.24 probability of PAT sex, and 1SD above the negative self-conscious and positive emotion means had a 0.09 probability of PAT sex. The pattern of probabilities for non-PAT serodiscordant sex compared to no unprotected sex was similar to probabilities of PAT sex, although not significant (p = 0.077), with the lowest probability of serodiscordant non-PAT sex among participants with 1SD above the mean on negative self-conscious and positive emotions. We conducted a mediated moderation analysis to investigate whether stimulant use accounted for the interaction between negative self-conscious and positive emotions in relation to PAT sex (results not shown). Given our limited sample size, we dichotomized transmission risk behavior as unprotected PAT sex versus all other categories. The moderation effect of negative self-conscious and positive emotions remained significant despite the introduction of stimulant use (AOR = 0.76; 95% CI 0.61, 0.95). Finally, we re-ran the analyses replacing study with time since diagnosis as a covariate. The findings did not significantly change.
Discussion
Consistent with some previous studies but inconsistent with others, our findings indicate higher negative, negative selfconscious, and positive emotions are associated with lower likelihood of transmission risk behavior in the months following HIV diagnosis [6, [8] [9] [10] 41] . While over 50% of participants reported no condomless sex since diagnosis, across models, lower positive emotion was associated with greater likelihood of transmission risk behavior. This is consistent with the Revised Stress and Coping Theory [27] and work linking higher positive emotion with less transmission risk behavior [6, 27] . These findings may be consistent with identified benefits of emotional or "emo-" diversity (i.e., experiencing a variety of emotions), beyond the effects of positive and negative emotion, including fewer depressive symptoms and doctor's visits [42] . For example, the identification and endorsement of both positive and negative self-conscious emotion may be indicative of generally experiencing and acknowledging a range of emotions. These findings may also be consistent with the benefits of emotional granularity, or the ability to differentiate between emotions [43] , as the endorsement of both high levels of positive and negative self-conscious emotion was associated with less transmission risk sex.
Our most notable finding was the interaction between negative self-conscious and positive emotions in relation to PAT sex since diagnosis, which was not accounted for by stimulant use. Specifically, participants who endorsed both high negative self-conscious and positive emotions had a very low probability of PAT sex, compared to participants who reported high positive emotion in the absence of negative self-conscious emotions. These findings indicate the co-occurrence of positive and negative self-conscious emotions is associated with lower levels of transmission risk behavior following diagnosis. As negative self-conscious emotion has been associated with both maladaptive as well as pro-social and self-improvement behaviors, higher levels of positive emotion may enable the awareness of negative self-conscious emotion and thereby facilitate the potential associated benefits, including motivation to practice safe sex [15, 31] . While the causal direction cannot be assessed from these data, results are consistent with positive emotion enabling cognitive resources, initially directed toward minimizing negative self-conscious emotion, to be directed to reducing transmission risk, a prosocial behavior [17, 31] . Alternatively, positive emotion may induce acknowledgment of negative self-conscious emotion, mitigating the desire to avoid behaviors that may instigate aversive negative selfconscious emotions (e.g., avoiding condom use negotiation to avoid feeling embarrassed or ashamed). The present study has several limitations. While it involved a relatively small cross-sectional dataset, which cannot answer questions of causality or explore the longitudinal dynamics between negative self-conscious and positive emotions in relation to transmission risk behavior, this is the first study we are aware of to investigate these hypotheses. Further, by combining the two aforementioned study samples, the resulting dataset was uniquely equipped with the requisite variables and sample size necessary to investigate our moderation analyses. Additionally, we were not able to differentiate those who abstained from sex from those who endorsed only sex with a condom. Further, it is possible that high negative self-conscious emotions might be associated with underreported transmission risk behaviors. Given our viral load cut-off of ≥ 500 copies/mL, it is also possible that serodiscordant non-PAT transmission risk group may have been able to transmit HIV to uninfected partners. Further, we did not include other measures associated with HIV transmission risk, including sexual compulsivity, sexual activation, disclosure status, or primary versus casual partner status or the determinants of negative self-conscious emotions (e.g., shame related to sexual identity versus behaviors), which may impact the identified relationships between emotion and sexual risk taking [10, 18] . Longitudinal research is needed to further explore the extent positive emotion moderates the relationship between negative self-conscious emotion and HIV-transmission risk behavior.
Our results indicate that minimizing negative self-conscious emotions or increasing positive emotion in isolation may not help to reduce HIV transmission risk among people recently diagnosed with HIV. Rather, it may be more advantageous to concurrently increase positive emotion and awareness of negative self-conscious emotions. While more work is needed to explore these relationships longitudinally, our results raise the possibility that within the context of a distressing experience, such as a new HIV diagnosis, being aware of and acknowledging both positive and negative, and more specifically positive and negative self-conscious, emotions may be protective in reducing HIV transmission risk.
